Transient congenital hypothyroidism (CH) refers to a temporary deficiency of thyroid hormone identified after birth, with low thyroxine (T4) and elevated thyrotropin (TSH), which later recovers to improved thyroxine production, typically in first few months of infancy. Approximately 17% to 40% of children diagnosed with CH by newborn screening (NBS) programs were later determined to have transient hypothyroidism. Causes of transient CH are prematurity, iodine deficiency, maternal thyrotropin receptor blocking antibodies, maternal intake of anti-thyroid drugs, maternal or neonatal iodine exposure, loss of function mutations and hepatic hemangiomas. The classic clinical symptoms and signs of CH are usually absent immediately after birth in vast majority of infants due to temporary protection from maternal thyroxine. NBS has been largely successful in preventing intellectual disability by early detection of CH by performing thyroid function tests in infants with abnormal screening results. In this review we present the evidence for decision making regarding treatment vs. withholding treatment in infants with transient CH and present a rational approach to identifying transient CH based on American Academy of Pediatrics (AAP) recommendation.
Introduction
Congenital hypothyroidism (CH) is deficiency of thyroid hormone present at birth and is categorized into permanent and transient forms. Infants with permanent CH has persistent deficiency of thyroid hormone and need lifelong supplementation. Infants with transient CH has deficiency of thyroid hormone which is temporary and improve to normal thyroid hormone levels usually in few months (1) . Transient hypothyroxinemia of prematurity (THOP) is defined as deficiency of thyroid hormone [low thyroxine (T4)] accompanied by weak or absent TSH surge after birth in preterm infants. Primary hypothyroidism is deficiency in thyroxine due to functional or structural defect in the thyroid gland. Secondary hypothyroidism is due to deficiency of pituitary hormone, TSH and usually associated other hormone deficiencies.
Most newborns with CH at birth have no or few clinical features, so it is impossible to predict who are affected. CH is a common preventable cause of intellectual disability worldwide. Newborn screening (NBS) programs developed 1970s to detect CH, have been largely successful in diagnosis and prevention of intellectual disability in these infants (2) .
Epidemiology
The prevalence of CH differs based on the cutoffs used for thyroid levels. The prevalence of recognized CH rose from 1 in 6,500 prior to screening era to approximately 1 in 2,000 to 3,000 with screening (2) . The incidence of transient CH in North America is 5% to 10% in children positive for CH on mass screening, or 1/50,000. However, transient CH accounted for 40% of CH-positive cases in mass screening from 1981 to 2002 in France (3) , while in a study from the Michigan NBS Program, USA, about 24% to 36% of children diagnosed with CH by NBS were later determined to have transient hypothyroidism (4) .
The incidence of CH fluctuates by geographic area and by race. A study from New York Screening Program from 2000 to 2003 showed an incidence of 1:1,601 (5) . The incidence was slightly higher in Hispanic (1:1,559) and Asian infants (1:1,016) compared to white (1:1,815) and black infants (1:1,902) (5) . Additionally, the incidence was almost twice in twins (1:876) compared to singletons (1:1,765), and even higher in triplets (1:575). Preterm infants (1:1,396) had higher incidence than term infants (1:1,843) did. Moreover the incidence was higher in older mothers (>39 years of age; 1:1,328) than younger mothers (<20 years; 1:1,703) (5) .
A review of the Screening Program in the state of Oregon, USA over a 7-year period from 2005 to 2011, involving 331,688 total births, 197 babies were diagnosed with CH, an incidence of 1:1,684. Oregon NBS program follows a primary T4, reflex TSH method for which the first blood sample is collected in first week of life and a second sample is collected at approximately 2-4 weeks of life in all babies. In the infants diagnosed on the first test, 83% were permanent and 17% were transient, while in the infants diagnosed on the second test, 23% were permanent and 77% were transient (6) .
Another study of the Scottish Congenital Hypothyroid database over a period of 34 years (1980 to 2014), screened 2,116,132 newborns, of whom 919 infants (1:2,300) were referred with TSH elevation: 606 (65.9%) with definite CH, 18 (2.0%) with probable CH, 51 (5.5%) with status uncertain, and 211 (23.0%) with transient TSH elevation (7) .
The reported incidence of CH in South Korea has been increasing over the past decade, from 1:5,449 newborns tested in 2004 to 1:1,231 newborns tested in 2012. In Korea, a total of 13 laboratories perform the NBS TSH, and the cutoff levels of TSH vary from 10.0 to 22.5 mIU/mL according to each laboratory protocol (8) . Another recent study from Korea showed that nearly 80% of preterm infants with CH treated for 3 years with thyroxine were later diagnosed with transient hypothyroidism (9) . A study from Iran over a period of 7 years, 2006 to 2012 revealed the prevalence of transient CH of 1:628 and permanent CH, 1:581 (10 (11) . Infants with trisomy 21 (Down syndrome) have a higher incidence of hypothyroidism detected by NBS programs, occurring as commonly as 1:50 newborns but they rarely have transient hypothyroidism (12) . The differences between various screening programs can be explained by different time frames when the studies were conducted and the fact that each program used varying diagnostic tests and criteria for diagnosis.
Pathophysiology of transient hypothyroidism
During gestation, the fetal thyroid starts to concentrate Iodine starting around 10 weeks and starts to secrete T4 and triiodothyronine (T3) around 12 weeks of gestation which increases gradually throughout gestation. Placental estrogen and hCG production modulates maternal thyroid function significantly leading to increased TBG, T4 and T3 in the maternal circulation thus increased thyroid function ( Figure 1 ). This does not lead to a significant impact on the growing fetus since the placenta acts as a barrier to transfer of maternal TSH, and majority of maternal T4 is inactivated. Fetal thyroid develops independently of maternal thyroid function, though early in gestation small amounts of maternal thyroid hormone do cross the placenta. The fetus normally remains in a state of anabolism, where there is limited need for thyroid hormones. This is ensured by inactivation of thyroid hormones produced by the fetal thyroid gland by converting these into sulfated moieties by action of monodeiodinases (MDI) especially MDI-3 expressed in the placenta. Maturation of the hypothalamicpituitary-thyroid (HPT) axis starts around 20 weeks and is complete only close to term (13) .
Postnatally the neonatal thyroid gland is called upon to provide a constant supply of thyroid hormones to ensure thermogenesis and support development of other organs like the central nervous system. In the preterm infant with an immature HPT axis and limited capacity to generate bioactive thyroid hormones a dip in thyroid hormones is commonly witnessed around one week of age (14) . This decrease is exaggerated in sick preterm neonates where a poorly functioning HPT axis is unable to produce enough TSH in response to low T4 and T3, thus leading to a relative deficiency. This relationship is responsible for the majority of transient CH witnessed in many neonates.
Etiology of transient CH

Iodine deficiency
Worldwide iodine deficiency is the most common cause of transient CH. It is a critical element for thyroid hormone production, containing 59% of T3 and 65% of T4 by weight. Fetal and neonatal iodine stores are essentially dependent on iodine status of the mother during pregnancy and on the iodine content of human milk or formula postnatally. Iodine deficiency is more common in European countries, due to deficiency of iodine in maternal diets (3, 15, 16) . Preterm babies are remarkably susceptible to the effects of iodine deficiency, due to decreased in utero thyroidal iodine stores and immaturity of the HPT axis for thyroid hormone production, and decreased ability to convert T4 to metabolically active T3. Deficiency of other elements, selenium and iron may effect neurologic development and thyroidal response to iodine supplementation (17) . Though North America is usually considered iodine-sufficient, recent NHANES (National Health and Nutrition Examination Survey 2005-2008) survey in USA demonstrated that 57% of pregnant women had urinary iodine levels less than 150 mcg/L, which suggests iodine sufficiency (18) .
Thyrotropin receptor blocking antibodies (TRBAbs)
These develop in women with autoimmune thyroid disease (Graves, chronic lymphocytic thyroiditis & acquired hypothyroidism, DUOX2 enzyme mutations). The antibodies can cross the placenta and block the TSH receptor in thyroid gland of the newborn. Seen in approximately 1:180,000 newborns, this diagnosis should be considered if more than one infant from the same mother has CH. Transient CH due to TRBAbs can last up to 3 to 6 months from birth as maternal antibody levels drop (19) (20) (21) .
Intrauterine exposure to antithyroid drugs
Antithyroid drugs like propylthiouracil or methimazole can cross the placenta and cause decrease in thyroid hormone production in the fetus, which lasts for a few days to 2 weeks from birth. These babies may develop airway problems due to enlarged thyroid glands, especially in severe cases.
Fetal iodine exposure
Amiodarone usage during pregnancy may cause transient hypothyroidism in newborns. This resolves around 5 months of age, but can be associated with adverse neurologic outcomes (22, 23) . Maternal use of Iodine antiseptic compounds or exposure to iodinated contrast agents can cause transient CH. Ingestion of excessive iodine from nutritional supplements during pregnancy is reported to cause transient CH (24) . The risk of hypothyroidism may be linked to the type and length of exposure. Recent studies showed normal thyroid functions in the infants of mothers who received iodide contrast during pregnancy (25, 26) . Amniofetography with iodine containing contrast also 
Neonatal iodine exposure
Neonatal exposure to high amounts of iodine can cause hypothyroidism due to Wolff-Chaikoff effect. This can occur especially in premature babies (28, 29) and in term infants with congenital heart disease needing cardiac catheterization (30, 31) . Preterm infants get exposed high doses of iodine with usage of iodine containing antiseptics for umbilical and peripherally inserted central catheter (PICC) lines.
Hepatic hemangiomas
Congenital large hepatic hemangiomas produce large amounts of enzyme type 3-iodothyronine deiodinase causing a consumptive type of hypothyroidism. Serum TSH and reverse T3 levels are elevated and T4 levels are low. High doses of thyroxine are necessary to keep a euthyroid state. Hypothyroidism resolves as the hemangioma involutes or is surgically treated (32, 33) .
Loss of function mutations in DUOX2 (THOX2) and DUOXA2 cause transient CH
These genes are needed to produce hydrogen peroxide, required by thyroid peroxidase to synthesize thyroid hormones. DUOX2 mutation is inherited as autosomal recessive trait (34) (35) (36) .
THOP
Preterm babies are more susceptible to transient hypothyroidism, and the incidence of THOP increases with decreasing gestational age (37) . Several studies have demonstrated a correlation of THOP with subsequent low IQ and neurologic sequelae (37) (38) (39) (40) (41) . However, these were observational studies that did not establish causality. A recent study from the Netherlands showed no association between THOP and neurodevelopmental outcomes in young adulthood (42) . Efficacy of thyroid hormone therapy has also not been established.
Clinical features
The classic clinical symptoms and signs of CH are usually absent in the newborn period in vast majority of infants and present gradually over few weeks, even in infants with thyroid agenesis (43) . Placental transfer of maternal thyroxine temporarily protects the newborn. In babies with some functional thyroid tissue, the clinical manifestations can be delayed by months to years. CH is significantly and independently associated with reduced variability in fetal heart rate tracing patterns (44) .
In parts of the world where NBS programs are not available, infants have clinical manifestations like lethargy, inactivity, hypotonia, periorbital edema, perioral cyanosis, mottled skin, hypothermia, pallor, prolonged icterus, feeding difficulty, poor or hoarse crying, constipation and respiratory distress. Due to myxedema of the airway, few babies may develop respiratory distress with noisy breathing, nasal stuffiness, and intermittent perioral cyanosis. Prolonged physiologic jaundice after the first week of life may be the presentation of hypothyroidism. Primary hypothyroidism presents with indirect hyperbilirubinemia predominantly, whereas central hypothyroidism has both indirect and direct hyperbilirubinemia (45) .
Classic features of CH are a relatively narrow forehead, large anterior and posterior fontanelles, depressed nasal bridge, puffy eyelids, large tongue, thick, dry, cold skin, long abundant coarse hair, bradycardia, hypotension with narrow pulse pressure, anemia abdominal distention, umbilical hernia and hyporeflexia (45) . Few infants with thyroid dyshormonogenesis present with a palpable goiter.
Associated congenital anomalies
CH is associated with increased risk of other anomalies affecting the heart, kidneys, urinary tract, gastrointestinal, and skeletal systems (46) (47) (48) . In a population-based study of 1,420 infants with CH, the prevalence of cardiac malformations was fourfold higher (8.4%) than in the control infant population (1% to 2%) (46) . A study from New York State Congenital Malformation Registry (980 children), showed an increased risk of renal and urologic abnormalities [odds ratio (OR) 13.2] (47). A loss-of-function mutation in transcription factor, TTF-2 presented with CH, athyreosis and cleft palate (48) .
NBS
One hundred thirty million infants are born annually worldwide, only 37 million infants (28.4%) get NBS and about 12,000 infants with hypothyroidism are detected annually. About 71% of babies worldwide are born in areas without an established NBS program, despite the existence of screening for over 50 years. It is a huge public health challenge as the majority of babies with CH worldwide are not detected and treated early, leading to the economic burden of mental retardation (49) . The goal of NBS is to detect neonates with primary CH; those programs that employ a primary T4-reflex TSH or combined T4 and TSH tests strategy have the potential to detect infants with secondary CH (estimated incidence about 1:25,000) (49) .
Management
In newborns with abnormal newborn screen results, thyroid function tests should be done including TSH and free T4. The clinician should be aware that during the first 6 h of life after birth, a physiologic TSH surge occurs, and the concentration of TSH may remain above 10 mU/L during the first 24 to 48 h of life. Babies with newborn screen specimens collected before 24 h of life and have mildly elevated TSH values very likely will have normal thyroid function tests on repeated testing (50) . Figures 2 and 3 provide an algorithm of suggested approach to treatment of CH to differentiate permanent and transient CH. High TSH and low free T4 concentrations on serum testing confirm the diagnosis of primary hypothyroidism. Treatment with levothyroxine is indicated immediately, with initial dose of 10-15 µg/kg/day. High TSH and normal free T4 or total T4 concentrations suggest subclinical hypothyroidism. In cases with marginally elevated TSH (6 to 10 mIU/L), monitor carefully, repeating a serum TSH and free T4 in a week. However, if the serum TSH does not normalize by four to six weeks of age, thyroxine treatment is recommended. Low or normal TSH and low free T4 concentrations suggest central hypothyroidism. As TSH is not elevated, this form of hypothyroidism is not detected by programs that screen with TSH alone. These infants should be treated with thyroxine.
Infants with euthyroid sick syndrome or non-thyroidal illness also may have normal TSH and low free T4 serum concentrations. Thyroid function in preterm infants is characterized by decreased TSH and T4 responses to labor, low serum total T4 and TSH levels and variable free T4 concentrations during the first 2-4 postnatal weeks of life which improves when infants are corrected to term gestational age (37) .
Additional testing
Thyroid imaging (thyroid ultrasonography or radionuclide uptake scan)
These studies provide information about the underlying etiology, e.g., thyroid dysgenesis or dyshormonogenesis. In transient hypothyroidism due to iodine deficiency, imaging shows increased radionuclide uptake in normally located thyroid tissue. Cases of transient CH due to maternal TRB-Ab typically do not have radionuclide uptake on scanning, but on ultrasonography, a normal thyroid gland may be visualized. There is decreased radionuclide uptake in iodine excess and increased uptake in iodine deficiency. There is some argument regarding the risk benefit ratio of early thyroid scanning of babies with suspected CH.
X-ray
In about half of the infants with primary hypothyroidism, retardation of bone maturation is seen. Absence of distal femoral or proximal tibial epiphyses in a newborn suggest intrauterine thyroid hormone deficiency.
Thyroid autoantibodies
Useful for diagnosis in babies born to women with known autoimmune thyroid disease, and in families with a previous sibling detected with CH.
Serum thyroglobulin concentration
This test is useful in further delineating the causes of CH after thyroid imaging since it may be useful in diagnosis of subclinical hypothyroidism.
Urinary iodine concentration
Useful in infants who had intra uterine iodine exposure or during the neonatal period to confirm an iodine excess state. It is also useful in diagnosis of infants born in iodine deficient endemic areas.
Management of transient CH
Transient CH should be treated since there are severe long term consequences for untreated infants with long term morbidities and due to ack of availability of imaging modalities (US scan expertise, T 99 scan and I 123 scan) and problems in their interpretation, and all centers are not able to diagnose the cause of transient CH. There is also lack of availability of genetic tests required to differentiate permanent CH and transient CH in most centers. The cost of treatment for up to 3 years and cost of laboratory follow up tests are minimal compared to the high cost of caring for affected infants. A population specific approach will be helpful where there is a higher incidence of autosomal recessive diseases or a lack of Iodine supplementation or lack of prenatal care and testing. If FT4 is low or TSH stays greater than 5 mU/L on serial testing within the first month after birth, the infant should be started on thyroxine until 3 years of age to protect brain development. Persistent TSH elevation (beyond 4 weeks of age) is detrimental for brain development. We cannot confirm whether the case of CH was transient or permanent until later. Thus, most clinicians err on the side of caution and elect to treat infants with low free T4 and refrain from treatment when free T4 remains within the normal range while repeating TSH and free T4 periodically.
The goal of therapy is to ensure normal growth and development by keeping the serum total T4 or FT4 concentration in the upper half of the reference range during the infancy, with a serum TSH in the reference range (optimally 0.5-2.0 mU/L) (1).
Evidence not to treat THOP
Cochrane review does not support the use of prophylactic t h y r o i d h o r m o n e s i n p r e t e r m i n f a n t s t o r e d u c e neonatal mortality, neonatal morbidity or improve neurodevelopmental outcomes (51) . A randomized controlled trial of thyroxine supplementation, TIPIT (thyroxine trial in preterm infants) trial targeting extremely premature infants done in the UK showed that supplementing all babies below 28 weeks' gestation with LT4 had no apparent effect on brain size. These results do not support routine supplementation with LT4 for all babies born below 28 weeks' gestation (52) . A recent multicenter randomized clinical trial from Japan showed that thyroxine supplementation in VLBW infants with THOP demonstrated no beneficial effect at 3 years of age (53) .
If permanent CH has not been confirmed by 2 to 3 years of age both the European Society for Paediatric Endocrinology (ESPE) and American Academy of Pediatrics (AAP) recommend a thirty-day trial off thyroxine therapy (1, 54) . If thyroid function tests show elevated TSH and low serum T4 or free T4, the diagnosis of permanent CH is confirmed and the patient should be restarted on thyroxine. If the serum TSH and T4 or free T4 remain normal, the presumed diagnosis is transient CH and the patient no longer needs thyroxine supplementation. Yet, they must be followed closely and monitored for hypothyroidism signs and symptoms.
Recent studies have advocated that the course of CH is transient in many premature babies where discontinuing thyroxine supplementation is possible before 3 years of age (55, 56) . A recent study showed that infants with CH requiring lower L-thyroxine doses (<3.25 µg/kg) are likely to have transient CH, and thus might be re-evaluated at 12 or 24 months rather than 3 years of age (57) . There is a critical necessity for specific guidelines regarding the follow-up and reevaluation of transient CH, especially in preterm babies.
Prognosis
NBS programs, which have been in existence over the last few decades in most developed nations, have led to early diagnosis and treatment of babies with CH and have eradicated the severe neurodevelopmental impairments resulting from late detection. Studies on cognitive function in children with CH treated soon after birth have shown that normal development can be accomplished in most of them, although some may have subtle neurocognitive impairments (2) . The major determinant of neurodevelopmental outcome is the timing of starting thyroxine supplementation. Review of a number of studies comparing thyroxine supplementation at earlier time periods (12-30 days of life) versus later time periods (>30 days of life) found that infants treated earlier be around 15.7 IQ points higher (58) .
Conclusions
We have presented the evidence whether to treat or not to treat transient hypothyroidism, especially in preterm infants. Our current AAP and European guidelines are not specific for preterm babies with CH; but with the current guidelines majority of preterm infants in whom hypothyroidism is most likely transient, are treated for 3 years. Specific guidelines for the diagnosis, treatment and follow-up for transient hypothyroidism are critically needed. 
